Skin alteration and convective solvent flow effects during iontophoresis. II. Monovalent anion and cation transport across human skin.
Total flux enhancement of ions during iontophoresis is due primarily to the electrochemical potential gradient. However, secondary effects such as convective solvent flow and, in biological membranes, permeability increases as a result of applied field may also contribute to flux enhancement. The modified Nernst-Planck theory includes a solvent flow velocity term and predicts that the flux of uncharged molecules is enhanced or retarded depending on the polarity of the applied field. Polarity-dependent solvent flow velocity, as measured by the flux enhancement of mannitol, has been demonstrated in human epidermal membrane during iontophoresis. In the present study, the solvent flow velocity effects on the flux enhancement of a model cation (tetraethylammonium ion) and a model anion (salicylate ion) across human epidermal membrane were examined. The contribution of membrane alterations, due to the applied field, on overall ion flux was also considered. Solvent flow was found to have a small effect on the flux enhancement of both ions. However, membrane alterations were found to increase greatly the flux of the ionic species. Alterations in the epidermal membrane occurred at the highest voltage investigated (1000 mV) and appeared to reverse over time as indicated by the current and transport data.